Thus although chemical fluctuations have been measured in conduit-type springs in a number of karst aquifers, the fluctuations have rarely been described in detail for periods longer than the duration of isolated storm responses in the spring flow hydrograph. In addition, even though several studies have been made of spring flow hydrograph components, the magnitude and timing of the component contributions during storm responses remain poorly understood. FIELD 
INVESTIGATION
In general, the lag time between a large storm and the initial response of a spring flow hydrograph is short, within 1-2 days of a storm event [e.g., Dreiss, 1982] . However, the memory of the response may be relatively long, with spring discharge and chemical concentrations requiring a month or more to return to prestorm levels. Most studies of spring flow chemistry either monitor the springs at biweekly or monthly intervals, or examine short-term responses to single storms or tracer events. These studies either do not accurately detect the initial response of spring flow chemistry or they sample over a time period that is too short to describe the long-term memory of the system. The goal of the field investigation was to collect samples at intervals that were short enough to accurately measure the initial response of the spring flow chemistry to individual rainfall events. On the other hand, samples had to be collected over a sufficient length of time to record the long-term memory of the system. Thus the field study entailed exceptionally frequent, long-term measurements of spring discharge and composition. In addition, precipitation was measured and Groundwater circulation to all three springs crosses beneath major surface drainage divides [Aley, 1975; Dreiss, 1983] 
Data Reduction
Estimates of the total daily precipitation that occurred over the recharge area of each spring were computed from the precipitation measurements. This total daily precipitation series was calculated by weighting measurements from the rain gages with Theissen polygons constructed over assumed spring recharge areas. I used recharge areas for Big and Alley Springs that were postulated in previous tracer and linear systems studies [Dreiss, 1983] . The recharge area for Maramec Spring was estimated (J. E. Vandike, personal communication, 1986) using tracer and water quality data from Vandike [1982] .
For each spring, the amount of daily evapotranspiration loss from the total daily precipitation was computed using the Thornthwaite moisture balance method [Thornthwaite and Mather, 1957] . The remaining moisture, termed excess daily precipitation, refers to the daily total precipitation less the estimated daily evapotransporation. Computed values of excess precipitation are sensitive to a soil moisture holding capacity parameter (MHC) used in the calculations. In a previous work [Dreiss, 1982] springs in Missouri. The most notable observation from the Missouri data is the presence of large fluctuations in Ca and Mg concentrations in spring flow waters after major rainfall events. The cation concentrations begin to decrease 1-2 days after a major storm, and the decline occurs within a relatively short time interval of 2-3 days. Recovery to prestorm concentrations takes place slowly, over a period of 30 days or more. Thus continuous monitoring or sampling at daily intervals, well after the peak of spring flow storm response, is necessary to adequately describe rapid changes in spring flow chemistry.
The maximum chemical perturbation occurs during the recession of the spring discharge hydrograph and represents the arrival of relatively dilute water at the spring outlets. On the basis of a cation balance of the spring flow, this dilute water appears to comprise at least 25% of the total discharge at one of the Missouri springs. The storm-derived water begins to arrive at the spring about 1 day after a storm event and reaches a maximum during the recession of the spring discharge hydrograph, about 4-5 days after the event. At the time of the peak discharge response, spring flow is composed primarily of prestorm water that has been displaced in the conduit system by the relatively dilute, storm-derived water. The presence of these pulses of relatively dilute water suggests that dissolution may occur episodically throughout this type of karst system after each major storm event.
